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If a violin-shaped 
instrument were 
invented today, 
would the obvious 
choice of material be 
wood? Tim Duerinck 
investigates the 
possibilities of flax, 
carbon, aramid and 
more – while describing 
the surprisingly simple 
methods luthiers could 
use to create their own
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uthiers have always searched for the best possible 
material to make their instruments. The great 
violin makers we admire today did no less. From 
the materials available to them at the time, they 
found that spruce worked best for the top plate. 
To this day, only the very top-quality spruce is 
selected for instrument making.
In the past few decades, countless new 
man-made materials have become available. 
The question is: if the great makers of the past had 
had access to the materials we have today, would they still have used 
spruce, or would they have opted for carbon, flax, a composite 
material, or perhaps combined two or more products in layers 
bonded together? Do any of these new man-made materials make 
it possible to produce violins with a specific desired sound? Can 
we make a violin sound louder, brighter or warmer, or give it 
whatever tone quality a musician might be looking for?
Before we can start looking into the possible materials, 
we have to know what to look for. As tonewood is very 
specifically selected to meet certain criteria, we can use those 
criteria as guidelines to what’s important.
SpeeD of SounD:DenSiTy
Without a doubt, the most desired quality in a piece of spruce is 
a good ratio between its density and speed of sound. Some makers 
prefer this ratio to be as high as possible, whereas others search 
for a specific ratio. Most agree, however, that wood with a low 
speed of sound and high density is not well suited for instrument 
making. Speed of sound is not an independent material property 
but is determined by the material’s stiffness and density. Generally 
the speed of sound is faster in materials that have a high stiffness, 
and is slower in flexible materials. High stiffness means it resists 
well to bending: metal has very high stiffness, while rubber’s is 
very low. When we take this property and see what materials 
could be suitable, the following categories of materials pop up: 
lightweight woods (such as spruce); composite materials such as 
carbon, flax or hemp; sandwich materials; and rigid foams. 
Sandwich materials usually consist of a lightweight core inside 
a skin of high strength and stiffness. This allows for extremely 
lightweight construction useful in, for example, the aviation 
industry. Guitar makers use this method as well, for what they call 
‘double-top’ guitars. They use conventional spruce for the outer 
layers but in certain areas they use Nomex (an aramid honeycomb 
material) for the core, making the overall soundboard up to 25 
per cent lighter – which results in a louder instrument.
Rigid foams have a very good ratio between stiffness and 
density, but practical experiments have shown that stringed 
instruments can only be made by reinforcing them with 
other materials, thus effectively creating a sandwich material. 
In previous research, a cello was made with a top plate of 
Styrofoam, reinforced with wood veneer and carbon. This was 
found to be significantly louder (by 5dB) than a conventional 
cello. However, the material is not suited to withstand the 
stresses of the instrument over a long period of time.
iSoTropy / aniSoTropy
Spruce is a very anisotropic material, which means that it has 
a very large difference in strength and stiffness in various 
directions. In a violin, wood is most strong in the length 
direction parallel to the axis of the instrument, and most  
Left–right Violins made from a carbon-Nomex sandwich; flax; spruce 
(with minimal varnish); unidirectional carbon; and woven carbon
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flexible at a 90-degree angle to the axis. It could be that this 
high level of anisotropy is beneficial to the sound of the 
instrument. In composite materials we can actually choose 
the level of anisotropy in our material. Carbon, for example, 
is mostly used in industry as a woven material, having as many 
fibres in the axis direction as it does at 90 degrees to it. The 
advantage is that this makes the material much more durable 
and resistant to cracks. You can, however, put all fibres in the 
direction of the axis as well, mimicking wood. Natural 
composites (such as flax or hemp) can also be made to have 
a similar anisotropy to wood, by laying out all the fibres in 
one direction. We did this in our flax violin prototype (right).
Damping
Lastly there is the matter of damping, which is complicated. 
In short, damping is the vibrational energy lost mostly by 
internal friction. Some makers select wood with a ‘good ring’, 
presumably aiming for low damping, whereas others select 
a ‘warm ring’ which would be caused by a damping of high 
frequencies. Natural composite materials are known for their 
higher damping compared to carbon. This has not gone by 
unnoticed by some instrument manufacturers, such as 
Blackwood Guitars, which shifted from making carbon guitars 
and ukuleles to solely manufacturing plucked instruments from 
flax. They claim that by using natural composites they achieve 
a ‘warmer, woodier sound via the soundboard and body.’
T heory is one thing, making good instruments another. The focus of this research project is not engineering but musical instrument making. Can we extend the violin 
maker’s craft to include these new materials? To answer this 
question, we chose to make all the prototypes by hand, and 
without the aid of 3D software, the idea being that any luthier 
with standard training could use the making techniques we 
used, with a limited amount of extra training. This research 
is aimed at violin makers, not at companies that produce 
instruments on a large scale.
Six prototype violins were constructed in the instrument 
making workshop of the School of Arts Ghent. The design 
of the prototypes was based on the dimensions of a Stradivari 
violin, although excluding the corners to make mould 
fabrication easier. For the soundholes we chose a more 
simplified, modern design, although their overall dimensions 
were similar to those of a normal violin.
The back plate, sides and neck were made out of one piece of 
material, which was always woven carbon. This allowed for the 
highest possible repeatability between the different instruments. 
If we had made them all from maple, the differences between 
each piece would have been a large ‘noise’ factor in the experiment. 
The top plates were made from different materials: unidirectional 
carbon; flax; spruce; woven carbon (used for two violins); and a 
sandwich made of an aramid honeycomb core and a carbon skin.
The construction started with the crafting of the patterns, 
which were made from medium-density (250kg/m³) 
polyurethane foam. This allowed for conventional hand tools to 
be used. We carved the archings with chisels and thumb planes, 
before sanding them to the desired finish. The finished pieces 
were then ‘varnished’ with a polyester resin and sanded so that 
a mould could be made from the patterns.
From these patterns we made negative moulds, which were 
then used in the construction of the composite parts. The 
patterns were laid on a plastic sheet and the holes were filled with 
wax. Then the entire surface was treated with a release agent.
The entire pattern and plate on which it rested was then 
covered in a polyester gel coat followed by multiple layers of 
glass fabric and polyester resin. Although this technique might 
be new for most makers, it is quite simply brushing on a 
sufficient amount of resin and forming the glass fabric around 
the pattern. As this process is, in my opinion, easier then 
applying a good varnish to a classical violin, this technique is 
doable for most violin makers. With a quick search on YouTube 
(for instance at bit.ly/2IN9A7V) you can quickly find how to 
This flax violin 
has a similar 
anisotropy 
to wood
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make a glass fibre mould. A sufficient number of layers make for 
a glass fibre mould that is very strong, yet not too heavy to carry 
around the workshop. Once the resin is cured, the patterns can 
be taken out of the finished mould. 
With our moulds finished, we could go into the making of 
the parts of our violins. For this we chose a method called 
infusion. In short, a dry fabric is laid in the mould and, with 
the help of a vacuum, a resin (usually epoxy) is pulled through 
the part being made, filling all the gaps in between the fabric. 
When cured this leaves you with a composite material. The 
advantage of this method is that it allows for a high-quality 
product with minimal machinery. Apart from some raw 
materials, only a vacuum pump is needed. As with the glass 
fibre mould production, many online tutorial videos exist (e.g. 
bit.ly/2L6wvtl) that show the advantages and pitfalls of infusion 
carbon or other composites.
Once the fabric is inside your mould, followed by some 
materials that allow for a good resin flow, you attach a vacuum 
bag to the sides of the mould. The vacuum pump then pulls out 
all the air inside. It’s important to achieve a good vacuum 
because any air gaps in the finished product can greatly reduce 
its quality.
Two tubes are connected to the mould: one that goes to the 
vacuum pump, and another that goes to your resin. The 
vacuum pump will then pull your resin out of the pot and 
inside your piece, filling the fabric with a sufficient amount 
of resin. After the epoxy resin has filled the entire mould, 
the two tubes are clamped off and the epoxy left to cure. 
This can be in an oven, but if you use a resin that cures at 
room temperature, that is not even necessary.
When the resin is cured, the pieces easily detach from the 
moulds, and can be further assembled. The soundholes were cut 
out by hand using drills, followed by diamond saws and files. 
Carving the back plate pattern from polyurethane (PU) foam by hand PU foam body with polyester varnish
Body ready for the making 
of a glass fibre mould.
Finished glass fibre moulds
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We fitted all six instruments with a conventional spruce 
bass-bar. Finally, the parts were glued together with epoxy and 
the set-up completed.
The spruce soundboard was carved by hand, as usual, and fitted 
under the same conditions as the other soundboards. It was given 
a minimal clear varnish protection. Although the varnish is believed 
to have an influence on the sound as well, our research included 
no tests on varnish. (In theory, any influence that varnish might 
have on wood can be mimicked in other materials as well, by 
increasing or decreasing weight, stiffness or damping.)
Scientific tests on these prototypes are ongoing and include double-blind listening and playing tests as well as more objective measurements, such as modal analysis. Although 
it’s still early days, I think it is fair to say that, based on my 
personal subjective evaluation of the sound, the material has a 
huge impact on the tone produced. Spruce performs well, as is to 
be expected, yet it doesn’t seem to stand out as the overall winner 
among these prototypes. Some materials, such as a carbon-
Nomex sandwich, seem better suited to creating a louder violin, 
whereas the flax violin appears to have a warmer, rounder sound. 
The two violins from woven carbon sound somewhat similar to 
me – but just like having two wooden violins, they don’t sound 
exactly the same! The aim of this research was never to make an 
instrument that sounds just like a wood violin. (There are already 
plenty of wood violins for that.) Yet, as Joseph Curtin said: 
‘The idea that the violin is perfect is such a ludicrous one that 
it is hard to believe that it’s been so widely accepted for so long.’
What is a ‘perfect’ sound or a ‘better’ violin? If the answer is 
one that sounds like a Stradivari, we keep chasing our own tails 
as you can’t improve on something that’s already considered 
the best. However, if the answer is something more like: ‘as loud 
or powerful as possible, with a rich and warm tonal colour’, 
then we have something to work with.
These initial prototypes represent the first steps in a very 
promising, but also very new, field of research. We have a 
long way to go to explore the possibilities these materials might 
offer, and make the most out of them. Violin makers have 
experimented with spruce for centuries, building on each other’s 
knowledge. Violins from new materials have a lot of development 
to catch up on, but in my opinion they show great potential.
Which brings us back to the original question: if a violin-
shaped instrument were to be invented today, would wood be 
the obvious choice of material? The answer is not that easy. If you 
want the exact sound of a wood violin, the answer will probably 
be that wood is the obvious choice of material. However, if the 
goal is to create a violin that would be rated highest for a 
combination of attributes such as power, warmth or brightness 
in a listening test, other materials or combinations of materials 
might be better suited then spruce. Who knows what wonderful 
sounds are hidden in these new materials? Who knows what 
we’re missing out on?  
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Top plate with soundholes and fitted spruce bass-bar.
Top plate mould with fibres ready for infusionFitting the feet of the bridge.
An original drawing of the top outline
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